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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Prior to examination, please amend the above-identified 
application as follows: 

IN THE TITLE: 

Please delete the title in its entirety and substitute therefore: 



Art Unit: 2814 
Examiner: H. Weiss 
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SEMICONDUCTOR DEVICE HAVING A 
FERROELECTRIC CAPACITOR WITH TENSILE STRESS 
PROPERTIES 

IN THE DRAWINGS : 

Subject to approval by the Examiner in charge of the above- 
identified application please enter the corrections to Figs. 3 and 4 as shown 
on the accompanying red-inked sketched. Specifically, Figs. 3 and 4 have 
been designed with the legend "Prior Art". 

IN THE SPECIFICATION : 

Specification at page 1, line 3: 

This application is a division of U.S. Patent Application No. 
09/177,038 filed October 22, 1998. 

Specification at page 3, line 16: 

SUMMARY OF THE INVENTION 

The present invention is made to solve the above conventional 
problems and its object is to provide a semiconductor device capable of 
integrating a ferroelectric thin film free from characteristic deterioration and 
its fabrication method. 

A semiconductor device of the present invention comprises a 
circuit board, a ferroelectric capacitor arrange on the circuit board having a 
ferroelectric think film and top and bottom electrodes which are formed so as 
to hold said ferroelectric thin film, an insulating film formed on the circuit 
board so as to cover said ferroelectric capacitor, a metallic wiring film 
formed on the insulating film so as to connect with either of the top and 
bottom electrodes, and a surface protective film formed so as to cover the 
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insulating film and the metallic wiring film, wherein a synthetic stress 
working in a surface direction of the ferroelectric thin film of said 
ferroelectric capacitor is an extensional stress. 

In another aspect of the present invention, the insulating film, 
metallic wiring film, and surface protective film provide the surface- 
directional extensional stress of the ferroelectric thin film of the ferroelectric 
capacitor. 

In a further aspect of the present invention, the metallic wiring 
film is constituted with two layers which are different kinds of metal. 

A semiconductor device fabrication method for fabricating the 
semiconductor device of the present invention comprises the step of: forming 
said insulating film on said ferroelectric capacitor by the TEOS-CVD method 
utilizing TEOS activated by (b. 

A semiconductor device fabrication method for fabricating the 
semiconductor device of a further aspect of the present invention is such that 
the metallic wiring film is constituted with two layers where a bottom layer 
thereof is made of TiN, and such step of heat-treating of said formed TiN 
layer in a temperature range of 200 to 650 °C after forming said TiN layer is 
included. 

A semiconductor device fabrication method for fabricating the 
semiconductor device of another aspect of the present invention is such that 
said metallic wiring film is constituted with two layers where a top layer 
thereof is made of Al, and such step of forming said Al layer through the 
sputtering method while heating said circuit board in a temperature range of 
100 to 400°C is included. 

A semiconductor device fabrication method for fabricating the 
semiconductor device of a still further aspect of the present invention is such 
that said surface protective film is made of SiN, and such step of forming 
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said surface protective film by depositing SiN through the plasma-excitation 
CVD method having an RF power of 300 W or less is included. 

The above semiconductor device of the present invention can 
show a superior performance that the ferroelectric-pair thin film of the 
ferroelectric capacitor is not deteriorated. 

Moreover, the semiconductor device fabrication method of the 
present invention can realize a semiconductor device having the above 
superior performance. 

Specification at page 7, line 6: 

The semiconductor device of this embodiment is characterized 
in that the sum of stresses of thin films deposited on the ferroelectric 
capacitor is an extensional stress. In FIG. 1, arrows show stress directions of 
thin films. Because the sum of stresses of thin films formed on the 
ferroelectric capacitor has an extensional direction, an extensional stress or 
tensile is applied to the ferroelectric capacitor to prevent ferroelectric 
characteristics from deteriorating. 

Specification at page 7, line 15: 

Moreover, the semiconductor device of this embodiment is 
characterized in that every thin film deposited on the ferroelectric capacitor 
applies an extension-directional stress to the ferroelectric capacitor. Because 
every thin film deposited on the ferroelectric capacitor has an extension- 
directional stress, an extensional or tensile (hereinafter "extensional") stress 
is applied to the ferroelectric capacitor to prevent ferroelectric characteristic 
from deteriorating. 
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IN THE CLAIMS : 

Please cancel claims 1-4, 6, 7, 10, 13 and 15 and add new 
claims 16 and 17, Please amend claims 5, 8, 9, 11, 12 and 14 as follows: 

5. (Amended) The method for forming a semiconductor 
device according to claim 16, in which said step fl) includes: 

depositing said second insulating film using a TEOS-CVD 
method utilizing TEOS activated by Cte. 

8. (Amended) The method for forming a semiconductor 
device according to claim 16, in which said step fl) includes forming a metal 

wiring film by: a) depositing a TiN layer, and b) depositing an 

upper layer. 

9. (Amended) The method for forming a semiconductor 
device according to claim 8, in which said step of forming a metal wiring 
film further includes heat-treating said TiN layer in a temperature range of 
200 to 650°C after forming said TiN layer. 

1 1 . (Amended) The method for forming a semiconductor 
device according to claim 16, in which said step f2) includes forming a metal 

wiring film by: a) depositing a base layer, and b) depositing an 

Al layer. 

12. (Amended) The method for forming a semiconductor 
device according to claim 1 1 , wherein 
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said step of depositing an Al layer comprises sputtering while 
heating said circuit board in a temperature range of 100 to 400°C, 

14. (Amended) The method for forming a semiconductor 
device according to claim 16, wherein 

said step of forming said surface protective film comprises 
depositing SiN through a plasma-excitation CVD method having an RF 
power of 300 W or less. 

Please add new claim 16. 

16. (Newly Added) A method for forming a semiconductor 
device, comprising the steps of: 

a) providing a circuit board; 

b) forming a first insulating film at least indirectly on said 

circuit board; 

c) forming a lower electrode on said first insulating film; 

d) forming a ferroelectric film over said lower electrode; 

e) forming an upper electrode over said ferroelectric film, said 
lower electrode, ferroelectric film, and upper electrode combining to form a 
ferroelectric capacitor; 

f) creating a synthetic tensile stress upon said ferroelectric 

capacitor by: 
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fl) forming a second insulating film over said 
ferroelectric capacitor; 

f2) forming a metal wiring pattern over said second 

insulating film; and 

£3) forming a surface protective film over said second 
insulating film and said metal wiring pattern. 

Please add new claim 17: 



17. (Newly Added) The method as in claim 16, in which 
step fl) includes forming a plurality of contact openings through said second 
insulating film for contacting said upper electrode and said lower electrode 
and step f2) includes providing contact between said metal wiring pattern and 
said upper and lower electrodes through saiaVplurality of contact openings. 



Restta 



Submitted, 



All#Kamer\Kieg. No. 19,717 
Jack J. Jankovki Reg. No. 42,690 
Attorneys for Applicant 

JJJ/dlm 

Dated: November 21, 2001 
P.O. Box 980 

Valley Forge, PA 19482-0980 
(610) 407-0700 

The Assistant Commissioner for Patents is 
hereby authorized to charge payment to Deposit 
Account No. 18-0350 of any fees associated 
with this communication. 

EXPRESS MAIL Mailing Label Number: EL 923264420 US 
Date of Deposit: November 21 , 2001 

I hereby certify that this paper and fee are being deposited, under 37 C.F.R. §1.10 and with sufficient 
postage, using the "Express Mail Post Office to Addressee" service of the United States Postal Service on 
the date indicated above and that the deposit is addressed to the U.S. Paten^and Traciemarkpffice, P.O. 
Box 2327, Arlington, VA 22202. 



Kathleen Libby 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
SPECIFICATION: 
Specification at page 1, line 3: 

This application is a division of U.S. Patent Application No. 
09/177.038 filed October 22. 1998. 

Specification at page 3, line 16: 

The pr esent-ffiven toi is made to solve the above conventiona l 
pfebtems^aBd i ts ob j ect is to provide a semiconductor device ca patete-ef 
integrati ng a ferreeieetee-4hin film free from characteristic deterioration and 
its f abrica ti o n methedr 

A semiconductor device of the present invention comprises 

a-ci rcuit boardr 

a ferroelectric capacitor arranged on said circuit board, having 

a s to hold sa M ^erroete etfie^ten-^lfflT 

afl4nsriatmg-&frfe m c me-said-cireuit board-se as to cover 
said ferro electric capacitor, 

a metallic wiring film formed on said insulating film so as to 
connect wrth-eifeHrf^ bottom electrodesr-and 
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a-s-urface pro tective-fil m formed so as -t o cover said insulating 
film and said metallic wiring film, wherein 

a-synthetie stress working in a surface direction of the 
fefroetoet ric thin fikn-ef-said ferroeleetric capacitor is an-extensional stress. 

The semiconductor device according to claim 1 of the present 
invention, is such that 

said insulating film, metallic wir ing-fil m, and surface protective 
film prov i de the surface dkeetienal extensional stress- of the ferroelectric thin 
film of said ferroeleetric capacitor -r 

: K^efflieeBAtet Q r device a c cordin g to claim 4- er 2 of the 
present invention is such that 

Said-metal lic wiring fil m- is constituted w ith-tw e layers which 
are different kinds-ef-metal. 

A-semiee n ductor deviee- fabrication m etho d for fabricatm g-fee 
semiconductor device e f the present invention compri ses4he-step-ofe 

forming said insulating film on said ferroelectric capacitor by 
the TEQS CVD^ethed-utilizing TEQS aetivated-^y-Q^ 

A-se micond u ctor device-fabricatien-method for fabricating the 
semiconductor device e#4he-present-in¥ention is^ uch that 

said metallic wiring-film is constitu ted with two layers where a 
bettem4ayef4hereof is made of Ti N , a nd 
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sue h step of^ea^&eatmg-of said formed TiN la ye^^m-a 
tempteture range of 20Q -te-6 gQ°C after fommg-said-TiN laye r is included. 

A-semieeedueio^evice fabricat 4en^Befeed 4or fabricating the 
semiconducte^-device of the present4n¥entieflHS such that 

said nietatfe-wmn^^ w it h two layers w here a 

to p layer ther-eef^-made of Ah a nd 

sueh-^tefi-e#4erming said Al Ia yeF4tewgfr4h€ ^puttering 
metho d while h eateg-s aid circuit boar d in a tempete re range of 100 to 40 0^€ 
is included. 

A semiconductor device fabrication method for fabricating th e 

semicond uctor device of the pres ea^nventie n is such that 

say-suffeea-^F O tecti ve film is made of S -tf^and 

such step of feffflmg-saidkuilace protective film by depositing 
SiN through the plasma excitation CVD method having an RF power of 300 
W or less is included. 

Th^-abeve-semieen^l^^ present invention can 

show a superior performance that the ferroelectric pair thin film of the 
ferroelectr ic ca pa c itor is not deteriorated. 

Moreover, the semiconductor device fabrication method of the 
present in vention can realize a semiconductor device having the above 
superier-petferfflaneer 
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SUMMARY OF THE INVENTION 

The present invention is made to solve the above conventional 
problems and its object is to provide a semiconductor device capable of 
integrating a ferroelectric thin film free from characteristic deterioration and its 
fabrication method, 

A semiconductor device of the present invention comprises a 
circuit board, a ferroelectric capacitor arrange on the circuit board having a 
ferroelectric think film and top and bottom electrodes which are formed so as 
to hold said ferroelectric thin film, an insulating film formed on the circuit 
board so as to cover said ferroelectric capacitor, a metallic wiring film formed 
on the insulating film so as to connect with either of the top and bottom 
electrodes, and a surface protective film formed so as to cover the insulating 
film and the metallic wiring film, wherein a synthetic stress working in a 
surface direction of the ferroelectric thin film of said ferroelectric capacitor is 
an extensional stress. 

In another aspect of the present invention, the insulating film, 
metallic wiring film, and surface protective film provide the surface-directional 
extensional stress of the ferroelectric thin film of the ferroelectric capacitor. 

In a further aspect of the present invention, the metallic wiring 
film is constituted with two layers which are different kinds of metal. 

A semiconductor device fabrication method for fabricating the 
semiconductor device of the present invention comprises the step of: forming 
said insulating film on said ferroelectric capacitor by the TEQS-CVD method 
utilizing TEOS activated by CK . 

A semiconductor device fabrication method for fabricating the 
semiconductor device of a further aspect of the present invention is such that 
the metallic wiring film is constituted with two layers where a bottom layer 
thereof is made of TiN, and such step of heat-treating of said formed TiN layer 
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in a temperature range of 200 to 650°C after forming said TiN layer is 
included. 

A semiconductor device fabrication method for fabricating the 
semiconductor device of another aspect of the present invention is such that 
said metallic wiring film is constituted with two layers where a top layer 
thereof is made of At and such step of forming said Al layer through the 
sputtering method while heating said circuit board in a temperature range of 
100 to 400°C is included. 

A semiconductor deyice fabrication method for fabricating the 
semiconductor device of a still further aspect of the present invention is such 
that said surface protective film is made of SiR and such step of forming said 
surface protective film by depositing SiN through the plasma-excitation CVD 
method having an RF power of 300 W or less is included. 

The above semiconductor device of the present invention can 
show a superior performance that the ferroelectric-pair thin film of the 
ferroelectric capacitor is not deteriorated. 

Moreover, the semiconductor device fabrication method of the 
present invention can realize a semiconductor device having the above 
superior performance. 

Specification at page 7, line 6: 

The semiconductor device of this embodiment is characterized in 
that the sum of stresses of thin films deposited on the ferroelectric capacitor is 
an extensional stress. In FIG. 1, arrows show stress directions of thin films. 
Because the sum of stresses of thin films formed on the ferroelectric capacitor 
has an extensional direction, an extensional stress or tensile is applied to the 
ferroelectric capacitor to prevent ferroelectric characteristics from 
deteriorating. 



Specification at page 7, line 15: 
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Moreover, the semiconductor device of this embodiment is 
characterized in that every thin film deposited on the ferroelectric capacitor 
applies an extension-directional stress to the ferroelectric capacitor. Because 
every thin film deposited on the ferroelectric capacitor has an extension- 
directional stress, an extensional or tensile (hereinafter "extensional") stress is 
applied to the ferroelectric capacitor to prevent ferroelectric characteristic from 
deteriorating. 

CLAIMS : 

Claims 1-4, 6, 7, 10, 13 and 15 have been canceled. 

5. (Amended) The [A semiconductor device fabrication] 
method for forming a [fabricating the] semiconductor device according to 
claim 16J2; comprising the], in which said step fl) includes [of]: 

depositing [forming] said second insulating film [on said 
ferroelectric capacitor by the] using a TEOS-CVD method utilizing TEOS 
activated by O3. 

8. (Amended) The [A semiconductor device fabrication] 
method for forming a [fabricating the] semiconductor device according to 
claim 16J2], [wherein] in which said step fl) includes forming a metal 

[said metallic] wiring film by: a) depositing a [is constituted 
with two layers where a bottom layer thereof is made of] TiN[, and] layer, 
and b) depositing an upper layer 

[such step of heat-treating of said formed TiN layer in a 
temperature range of 200 to 650 °C after forming said TiN layer is included]. 
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9. (Amended) The [A semiconductor device fabrication] 
method for forming a [fabricating the] semiconductor device according to 
claim [3] 8,[ wherein] in which said step of forming a metal wiring film 
further includes 

[said metallic wiring film is constituted with two layers where a 
bottom layer thereof is made of TiN, and 

such step of] heat-treating [of] said [formed] TiN layer in a 
temperature range of 200 to 650 °C after forming said TiN layer [is 
included] . 

11. (Amended) The [A semiconductor device fabrication] 
method for forming a [fabricating the] semiconductor device according to 
claim 16J2], [wherein] in which said step f2) includes forming a metal 

[said metallic] wiring film by: a) depositing a base layer, and 
b) depositing an [is constituted with two layers where a top layer thereof is 
made of Al, and 

such step of forming said] Al layer [through the sputtering 
method while heating said circuit board in a temperature range of 100 to 
400°C is included]. 

12. (Amended) The [A semiconductor device fabrication] 
method for forming a [fabricating the] semiconductor device according to 
claim 11 [3], wherein 

said [metallic wiring film is constituted with two layers where a 
top layer thereof is made of Al, and 
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such] step of depositing an [forming said] Al layer comprises 
[through the] sputtering [method] while heating said circuit board in a 
temperature range of 100 to 400 °C [is included]. 

14. (Amended) The [A semiconductor device fabrication] 
method for forming a [fabricating the] semiconductor device according to 
claim 16J2], wherein 

said [surface protective film is made of SiN, and 

such] step of forming said surface protective film comprises 
[by] depositing SiN through [the] a plasma-excitation CVD method having 
RF power of 300 W or less [is included] . 



Claims 16 and 17 have been added. 




Fig. 3 




